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ABSTRACT

Background: — This study intends to address the scarcity of data regarding the pathogenesis of Baclofen poisoning
in humans, which has seen a recent increase, worldwide, especially amongst the young people. Another reason
for the conduction of this study was lack of the substantial data about the histo-pathological findings of lungs, in
synergistic toxicity of Baclofen with Ethanol, in-spite of it being very common in humans, and both being res-
piratory depressant with similar mechanism of action.

Purpose: — The authors aimed to understand the pathogenesis of fatal poisonings in humans due to Baclofen in
combination with Ethanol via an animal research model. The enhancement of the overall scientific literature by
extending research along the lines of the handful studies available in this regard was another adjunct goal of the
study.

Material and methods: Fifteen Wistar rats were divided into control and test group of five and ten subjects
respectively. The test group was further divided into two sub-groups of five each, with Baclofen administered to
one, and it in conjunction with Ethanol to the other, in lowest dosages adjusted for the humans. Rats in both the
groups were euthanized by dislocation of the cervical vertebrae for the histopathology examination.

Results: Capillary and venous plethora, hemorrhages in the inter-alveolar septi, hemorrhages into the alveoli and
sludging was seen in the 1st sub-group. The plethora of venules, capillaries and arterioles, with sludging by the
WBC (white blood corpuscle) infiltrates was seen in the 2nd sub-group. Desquamation of the ciliated epithelium
and edematous thickening of the intra-alveolar septi, along with features suggestive of the peri-vascular edema
was seen in the 2nd sub-group. The morphometric analysis of the micro vessels showed a significantly higher
value of the arteriolar diameter in the 2nd sub-group, in comparison to 1st, but the venular diameter in the two
sub-groups did not differ to any extent.

1. Introduction

conditions.” It’s chronic intake reduces drug motivation in the cases of
opiate, amphetamine, cocaine and tobacco abuse.” However, the results

Baclofen has sedative and anxiolytic properties. It is sold under the
brand name Lioresal and is a centrally acting muscle relaxant. It is taken
orally or by the delivery into the spinal cord.! It is a synthetic derivative
of the gamma-amino-butyric acid [GABA], which is an inhibitory
neuro-transmitter.”

Baclofen is commonly used to treat spasticity, and also for the
palliative care of hiccups and muscle spasms in some terminal

of studies about its role in treatment of Ethanol dependence are un-
clear.>® Baclofen is predominantly GABA-B agonist, but loses this
selectivity at higher doses, and causes pre-dominant euphoriant effects.
It is also known as “fun drug’.” It'’s illicit use as a drug of abuse or ‘party
drug’, or for suicide has seen a recent and significant global rise,
although fatal poisonings due to Baclofen are surprisingly rarely
reported.
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1.1. Aim of the study

To delineate the pathogenesis of fatal poisoning in humans due to
Baclofen and its combination with Ethanol by the characterization of the
histopathology findings of lungs via an animal model, for the larger
objective of generalisability of results, as bench to bed side translational
research.

2. Materials and methods

The study was conducted after ethical clearance from RUDN (Peo-
ple’s Friendship University of Russia) during December 2019. The ex-
periments were performed on fifteen Wistar rats weighing 290-350 g
and all of them were aged about 20 weeks. This pre-determined sample
size as approved by the ethical committee consisted of the least number
of animals that required to be sacrificed for the estimation of the sta-
tistically significant results. The animals were divided into three groups
of five each, as one control group and two test groups. All the animals
were kept and treated in accordance with the Directive 2010/63/EU of
the European Parliament, and those prescribed by the Council of the
European Union on the protection of animals used for scientific purposes
The experimental procedures were performed in adherence to the
guidelines prescribed about the care and use of laboratory animals for
research purposes. It also included appropriate measures like sedation to
avoid pain and stress to be felt by the animals.

The rats in the control group received saline at a dose of 10 ml/kg.
The rats each in the 1st and 2nd sub-group were administered Baclofen
(85 mg/kg) and Baclofen with Ethanol (85 mg/kg + 7 ml/kg of 40%
Ethanol) under general anesthesia via a naso-gastric tube. The dosages
of Baclofen were chosen after careful titration as the ones at which all
the experimental animals remained alive after administration in
conjunction with or without Ethanol, depending upon which sub-group
was administered with which drug/s.® The rats were left in the vivarium
after the administration of the drugs, with free access to water but not to
food, and were euthanized after 3 h.

The euthanization was achieved by cervical dislocation, so as to
obviate the confounding effects, on the neurological or cardiopulmonary
functioning of the rats, by any drugs or chemicals to be utilized in the
process and mode of their death. The retrieval of lungs after the
euthanasia took not more than 30 min on an average in each case. The
lung tissues were immediately dipped in 10% neutral formalin, for an
overnight fixation of about 12 h, and then subjected to formalin-fixed
paraffin-embedded (FFPE) tissue processing. A total of 6 representa-
tive sections [4 from the right lobe (cranial, median, caudal and dia-
phragmatic) and 2 from the left lobe (upper and lower)] were obtained
from the parenchyma of the right and left lung of each rat as per the
anatomical distribution.” Five micron thick histological sections were
prepared and applied to the slides for staining with hematoxylin and
eosin, according to the standard procedure in all the cases. A total of 90
histological sections (15 x 6 = 90) were prepared out of the tissues of 15
euthanized rats. The staining conditions and reagents were constant in
each group. The total time that elapsed from the euthanasia of the rats to
the preparation of histological sections was about 24 h. The slides were
examined by light microscopy using a Nikon Eclipse E—400 microscope
with a video system, based on Watec 221S camera (Japan) at a magni-
fication of 400X. Micrographs of all the 90 histological sections were
taken. The measurement quantification of the micrographs was carried
out under automation by using the ImageScope program.'® The diameter
of venules and arterioles were also directly measured (magnification
X400, ten fields of vision for all the histological slides) using this
program.

The presence of emphysema, atelectasis, dystelectasis, edema of the
inter-alveolar septi, WBC infiltration of the inter-alveolar septi, capillary
and venous plethora, sludging, hemorrhages into inter-alveolar septi
and alveoli, and the presence of secretions in the lumen of the bronchi
were assessed specifically, as histopathological signs.
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2.1. Statistical analysis

Acceptable and standard methods were selected for the parametric or
the nonparametric analysis of the quantitative data, and the main sta-
tistical characteristics of the study parameters (mean, median, quartiles,
variance, standard deviation, standard error). Then Shapiro-Wilk W-test
was performed. At a statistical significance level of less than 0.05, the
distribution was evaluated as different from normal. The analysis of the
quantitative feature distribution and a small sample size, showed the
expediency of using nonparametric methods of statistical data process-
ing. Therefore, the difference between the two groups at the second
stage of the study was calculated using the Mann-Whitney criterion. The
Conjugacy tables were constructed for categorical variables and X-
squared (c2) test was also intended to be used. At frequencies of less than
10, ¢ 2 with Yates correction for continuity was also planned to be used.
Two-sided Fisher exact criterion was additionally used for the expected
frequencies of values that were less than 5. The critical significance level
of the statistical hypotheses in this study was 0.05. The Fisher ratio test
was applied to confirm the reliability of the appearance of a particular
histological sign. The absence or presence of a histopathology sign was
considered reliable only, if it did not appear in any case in either of the
groups, and appeared in all the five cases in the other. The statistical
processing of the study results was carried out using the software pro-
grams - “Microsoft Excel” and “Statistica 12.0".

3. Results

The findings of the lungs were within normal limits in the control
group. The alveoli were free and airy, with insignificant areas of dys-
telectasis. The signs suggestive of circulatory disorders (venous or
arterial hyperemia, peri-capillary, peri-venular or alveolar hemorrhage,
or sludging) were found absent. The secondary morphological changes
due to the effect of Ethanol including tissue shrinkage and hardening,
artefactual pigment deposition and lyses of erythrocytes, were found to
be insignificant.'!

Capillary plethora and hemorrhages were seen in the inter-alveolar
septi of the lungs, along with damage to the villi of the bronchial
epithelium, emphysematous and dystelectasis in the 1st sub-group
(Baclofen, 85 mg/kg) [Group 1 Figs. 1 and 2]. Foci of dystelectasis
were present pre-dominantly in the sub-pleural region. Infiltrates of
WBC'’s were noted along with alveolar hemorrhages and edematous
thickening of the inter-alveolar septi in the 2nd sub-group (Baclofen 85
mg/kg + 40% Ethanol 7 ml/kg) [Group 2 Figs. 3 and 4]. There were

Fig. 1. Capillary plethora and hemorrhages in the inter-alveolar septa (Baclo-
fen 85 mg/kg)
Hematoxylin — Eosin 400X.
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Fig. 2. Damage to the villi of the bronchial epithelium (Baclofen 85 mg/kg)
Hematoxylin — Eosin 400X.

Fig. 4. Hemorrhages in the alveoli (Baclofen 85 mg/kg + 40% Ethanol 7 ml/
kg)
Hematoxylin — Eosin 400X.

Fig. 3. Leucocytes in the bronchiole (Baclofen 85 mg/kg + 40% Ethanol 7 ml/
kg)
Hematoxylin — Eosin 400X.

areas of emphysematous changes and dystelectasis in 2nd sub group too.
Intra-alveolar edema and desquamation of the ciliated epithelium was
also present, along with features suggestive of sludging in venules and
peri-venular edema in the 2nd sub-group (Group 2 Figs. 5 and 6).

A morphometric analysis was additionally done to quantify, and
standardize the complex histo-pathological changes. The alveolar, ven-
ular and arteriolar diameter was measured along with the width of intra-
alveolar septi and alveolar passages. The alveolar diameter in the group
of animals treated with Baclofen alone was significantly more, and the
width of the inter-alveolar septi was less than those in the control group.

The alveolar diameter was significantly higher in the 2nd sub-group
treated with the combination of Baclofen and Ethanol, than in the
control and 1st sub-group. The width of the inter-alveolar septi was also
significantly higher in the 2nd sub-group than in the control and 1st sub-
group (Tables 1-2).

The width of alveolar passages in 1st sub-group and 2nd sub-group
did not differ significantly from the controls. The width of alveolar
passages in 2nd sub-group was significantly lower than in 1st sub-group
(Table 3).

The diameter of arterioles was significantly higher in both the test

Fig. 5. Sludge in venules (Baclofen 85 mg/kg + 40% Ethanol 7 ml/kg)
Hematoxylin — Eosin 400X.

groups, than the control group. The diameter of the arterioles was
significantly higher in the 2nd sub-group than in the 1st sub-group. The
diameter of the venules in control group was significantly higher than
the test group treated with Baclofen. The diameter of the venules in the
group treated with the combination of Baclofen and Ethanol did not
differ significantly (Table 4).

4. Discussion

The illicit use of Baclofen was first reported when 14 adolescents
presented with features of toxicity after its ingestion in a dose ranging
from 60 to 600 mg.'? Toxicity has been reported with a dose as low as
75 mg/day with a very fast onset and progression of symptoms. In fact,
even a minimal dose of 25 mg in the form of an oral tablet has been
reported to cause neurotoxicity in a patient with end stage renal
disease.'®

Baclofen toxicity is prevalent in all ages and gender. A good tolerance
and off label prescription of Baclofen in the treatment of alcohol use
disorders has led to an alarming increase of this drug in fatal suicidal or
accidental poisonings in most European countries, including



O.L. Romanova et al.

Fig. 6. Peri-venular edema (Baclofen 85 mg/kg + 40% Ethanol 7 ml/kg)
Hematoxylin — Eosin 400X.

Table 1
The diameter of the alveoli.

Index Control 1st Study Group 2nd Study Group Baclofen +
Parameter Group Baclofen 85 mg/ Ethanol 85 mg/ml + ethanol
kg 7 ml/kg 40%
Diameter of 41.45 70.2* (54.03; 47.4" (37.55; 56.28)
alveoli, pm (35.18; 86.25)
51.6)

Note: considered to be significant at p < 0.01 * — difference between controls and
1st sub-group, 1st sub-group and 2nd sub-group; " - difference between 1st sub-
group and 2nd sub-group.

Table 2
Width of the intra-alveolar septi.

Index Parameter Control 1st Study Group 2nd Study Group Baclofen
Group Baclofen 85 mg/  + Ethanol 85 mg/ml +
kg ethanol 7 ml/kg 40%
Width of intra- 7.74 4.32* (3.82; 12.2%°(10.5; 13.9)
alveolar septi, (6.23; 5.08)
pm 9.27)

Note: considered to be significant at p < 0.01 * — difference between controls and
1st sub-group, 1st sub-group and 2nd sub-group; " - difference between 1st sub-
group and 2nd sub-group.

Table 3
Width of the alveolar passages.

Index Parameter Control 1st Study Group 2nd Study Group Baclofen +
Group Baclofen 85 mg/ Ethanol 85 mg/ml + ethanol
kg 7 ml/kg 40%
Width of 54 63 45"
alveolar 46; 64 55; 78 36; 53

passages, mm

Note: considered to be significant at p < 0.01 * — difference between controls
and 1st sub-group, 1st sub-group and 2nd sub-group; " - difference between 1st
sub-group and 2nd sub-group.

Switzerland, Belgium, Germany, Portugal and France. The chances of
self poisoning due to the prescription over-dosage of Baclofen in cases of
alcoholic liver disease, craving and alcohol-related anxiety is a well
known risk.'* Respiratory depression, seizures, arrhythmias and coma
have been commonly reported symptoms in Baclofen overdoses.'® Even
unusual presentations like rhabdomyolysis and cystic medial necrosis
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Table 4
Diameter of the micro-vessels.

Index Control 1st Study Group 2nd Study Group Baclofen +
Parameter Group Baclofen 85 mg/ Ethanol 85 mg/ml + ethanol
kg 7 ml/kg 40%
Venular 43.5 31.2% 44.4*
diameter 39.9; 55.8 24.3; 36.1 41.3; 60.5
(pm)
Arteriolar 35.6 43.3 53.5"
diameter 27.9; 41.7 38.1; 50.5 43.8; 61.5
(pm)

Note: considered to be significant at p < 0. 01 * — difference between controls
and 1st sub-group, 1st sub-group and 2nd sub-group; "~ - difference between 1st
sub-group and 2nd sub-group.

N. B. - The data has been presented as Me - Mean (LQ — Low Quartile; HQ — High
Quartile).

have also been reported due to Baclofen over dosages.'®*”

Baclofen is completely absorbed after an oral administration and has
a bioavailability of about 70-80%. The effect of a single oral dose (40
mg) begins within 30-45 min. The peak plasma concentration is reached
within 2-3 h (0.3-0.6 pg/ml). The metabolites are produced by the
deamination and oxidation of beta - [p-chlorophenyl] - gamma hy-
droxybutyric acid, and these are observed in 4 h (0.2 pg/ml) in
urine. &9

The distribution of Baclofen occurs within 1.29 + 0.7 h. The
apparent volume of distribution is approximately 0.8 1/kg, and the
plasma protein binding is 30%. About 85-90% of a single Baclofen dose
is excreted unchanged in the urine, and its half-life is about 3 h.
Biochemical studies in animal have shown that Baclofen penetrates into
many organs including liver, kidneys and is slowly eliminated from the
brain and other structures of the nervous system.

Baclofen does not have a direct toxic effect on bronchi and lungs.
However, this drug increases the pre-synaptic blockade of the nerve
impulses generated in the spinal cord, leading to the suppression of the
nerve transmission. As a result, it leads to significant decrease in the
muscle tension, including that of the inter-costal muscles.'® This
excessive relaxation of the inter-costal muscles can cause hypoxia and
difficulty in breathing. It thus requires a special attention to remain
vigilant about the effects of the stimulation of GABA receptors in the
smooth muscles of the bronchi and the lungs in cases of drug abuse or
therapeutic over-dosages of Baclofen.

The effects of Baclofen in human organs and lung tissues in particular
have not been studied, though it has got a pronounced psychotropic
effect and is a substance of drug abuse in both developing and developed
countries. The non-specificity of abuse-related symptoms and physical
signs, but above all, the non-inclusion of Baclofen in toxicological
screens complicates its diagnosis. The under-reporting of the cases of
Baclofen toxicity is an important reason for the paucity of the data
related to its pathogenesis.?’ The deferral of autopsy for either reason is
also a significant factor for the lack of the data related to the
histo-pathological findings out of the cases of Baclofen related
toxicity.”' The existing miniscule and under-reported literature mostly
comprises of case reports and case series, leading to a lack of histo-
pathological findings, due to paucity of research studies.’”?* The illicit
abuse of Baclofen in high dosages (8-10 tablets) with alcohol is another
issue of concern pointing towards the relevance of histopathology
studies to understand its toxicity in humans.?**> The GABA receptor
agonistic property causes a contraction of the smooth muscles of the
bronchi and bronchioles, which may be accompanied by the spasm and
difficulty in breathing in cases of Baclofen related toxicity.>*?” These
were the multiple factors that strongly motivated the authors to conduct
this study about the histo-pathological changes in lungs of rats due to the
combined toxicity by Baclofen and ethyl alcohol.

Baclofen is a selective agonist of GABA-A receptors, but it can also
cause stimulation of GABA-B receptors in sufficiently high doses. This

18,19
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effect was observed in both the test sub-groups (Baclofen and Baclofen +
Ethanol). There were emphysematous changes in lungs of rats in both the
test groups. Thickening of the inter-alveolar septi due to edema and their
infiltration with WBCs was observed in the test group treated with
combination of Baclofen and Ethanol.

Vascular-tissue permeability gets increased in hypoxic conditions
resulting from circulatory disorders. This effect was also seen with the
stimulation of GABA receptors,?® which was confirmed by the results of
this study. A burst-suppression pattern on EEG (electroencephalogram)
that occurs and persists for days is a grave prognosis in Baclofen
poisonings.zg’30

The diameter of arterioles was significantly higher than the control
in both the test sub-groups. The diameter of venules in the group treated
with the combination of Baclofen and Ethanol was significantly higher
than those in the group treated with Baclofen only which may be due to
the vasodilating effect of Ethanol itself. The isolated qualitative assess-
ment of the histo-pathological findings in Baclofen poisoning has been
attempted in just a handful of experimental studies. An earlier study in
albino rats in this regard was just limited to the reporting of the findings
of alveolar dilatation, along with the presence of eosinophilic material in
them. Congestion, inflammation, alveolar wall degeneration, and focal
fibroblast proliferation were the other findings suggestive of an in-
flammatory reaction in Baclofen poisonings but degenerative changes
were found to be absent.®’ Similarly, another study related to the
histo-pathology changes of the lungs due to the effects of acute Baclofen
intoxication in rats revealed disorders in elements of microcirculatory
bed, areas of emphysema, atelectasis and dystelectasis, WBCs infiltra-
tion of intralveolar septa and edematous thickening.>> Both of these
studies however did not peruse the synergistic toxicity of Baclofen with
Ethanol, which was exclusively evaluated by the histo-pathology of the
lungs of the rats in the present study. Another study of a higher level in
the sense of research about the combined toxicity due to the effect of
Baclofen with Ethanol reported nearly similar results but with a statis-
tically insignificant sample size and without any morphometric quan-
tizations.> The authors then moved ahead with the simultaneous study
of the morphometry and histopathology of the cases of combined
toxicity of Baclofen and Baclofen plus Ethanol via animal research
models. A study conducted with this aim fell short of the extent of the
number of the qualitative histo-pathological parameters, and so as cor-
responding morphometric analysis, in just reporting histopathological
changes related to the alveolar diameter and inter-alveolar septa
thickness.>*

The instant histopathological study with adjunct quantization by
morphometry analysis of the changes in lungs of rats euthanized to study
the effect of combined poisoning due to Baclofen and Ethanol was
extended as a part of translation research for generalization of the
findings to guide treatment option in humans. The general histo-
pathology findings of this study were nearly similar to the previous
studies.®? >* It may be reasoned due to the exactly similar dosages of the
drugs, and similar physical morphological attributes of test animals
(rats). The specific results regarding the mean alveolar diameter in this
study (control — 41.45 pm, Baclofen — 70.2 pm and Baclofen plus Ethanol
—47.4 pm) were also in coherence to the earlier study (control — 42.9 pm,
Baclofen — 72.8 pm and Baclofen plus Ethanol — 49.0 pm).3*Likewise, the
mean width of the intra-alveolar septa (control — 7.74 pm, Baclofen —
4.32 pm and Baclofen plus Ethanol — 12.20 pm) were in approximation
to the results of the previous study (control — 7.72 pm, Baclofen — 4.36
pm and Baclofen plus Ethanol — 12.12 pm).>*

However, damage to the villi of the bronchial epithelium in both the
test groups (combined poisonings with Baclofen and Ethanol) was not
seen with earlier studies.>”>>* Also, measurements of venular and arte-
riolar diameter is an important indicator of the violation of
micro-circulation in poisonings affecting the lungs.”® This analysed for
the first time in this study led to significant revelations about the effects
of the combined toxicity due to Baclofen plus Ethanol on the lungs of the
living organisms (Tables 3-4). This is asserted as another specific brevity
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of this research.

With regards to the use of Baclofen in the treatment of alcoholism
related disorders, the results of various studies have not been able to
unanimously establish its role in-spite of the fact that it is well tolerated,
and has minimum abuse liability even in combination with intoxicating
doses of alcohol.>®%>% The findings of these studies indicate that
hemo-dialysis (except in Baclofen dependency) should be the mainstay
therapy in cases of Baclofen poisonings, as there are cases of combined
fatal poisoning with simultaneous ingestion of Baclofen and Ethanol.>

The conduction of this research selectively studying the histopath-
ological changes in the lungs of the rats so as to understand the syner-
gistic toxicity of Baclofen with Ethanol in humans carries an underlying
pathological basis. The respiratory depressant effect of Baclofen is
mediated via the activation of CNS GABA-B receptors and this indicates
that only GABA-B receptor agonists that penetrate CNS may cause res-
piratory depression, as studied in guinea pigs.'® ¥ Baclofen is also
responsible for a dose-dependent sedation, hypothermia and respiratory
depression in rats.*® Also, Ethanol intoxication itself carries the risk of
respiratory depression as one of the most severe and life-threatening
complication in humans via strong binding to the GABA receptors, and
thereby activating the inhibitory cascade.”’

The synergistic toxicity of Baclofen with other central nervous sys-
tem depressants like Barbiturates has been studied in rats to understand
the effects in humans.’> However, a similar study has not been
attempted to understand the synergistic toxicity of Baclofen with
Ethanol in animals to understand the effects in humans, and hence the
present study. The negligible data and ethical constraints to conduct
human trials to understand Baclofen toxicity with or without co-additive
drugs of abuse highlight the importance of such studies for the growth of
literature on this under-estimated medical condition of great importance
in humans.

5. Conclusions

Baclofen in high therapeutic dosages or self-ingestion (drug abuse)
causes a contraction of smooth muscles of the bronchi and bronchioles,
in addition to increasing the vascular permeability of the lung tissues. Its
combination with Ethanol results in the edematous thickening and
infiltration of the inter-alveolar septi with WBC’s, and this may lead to
life threatening synergistic toxicity.

Recommendations

Keeping in mind the absolute paucity of data on the synergistic
toxicity of Baclofen with Ethanol, autopsy histopathological examina-
tion should be mandatorily done as a protocol in cases of death due to
suspected Baclofen abuse. It is a high time that Baclofen should be
included in the list of toxicology screen in emergency hospital or health
care settings.

Limitations of the study

This pioneer histo-pathology study in its endeavor to understand the
synergistic toxicity in humans due to Baclofen alone, and in its combi-
nation with Ethanol may provide basis for a bench to bed side research,
in-spite of the limited number of experimental sub-groups, to fully un-
derstand the dose related effects for synergistic toxicity due to them. The
possible to obviate sacrifice of life of even one animal that was followed
in principle regarding the determination of the sample size could be
construed as a limitation, though not correct per say.
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Abbreviation

WBCs
CNS
GABA
EEG

White Blood Corpuscles
Central Nervous System
Gamma-Amino-Butyric Acid
Electroencephalogram
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